Quantitative evaluation of rainbow trout, Oncorhynchus mykiss cultured in brackishwater and freshwater of Yazd province, at the based on muscle by Mashaii, Nassrin et al.
 
 
      
MINISTRY OF JIHAD - E - AGRICULTURE 
AGRICULTURAL RESEARCH, EDUCATION & EXTENTION ORGANIZATION 
IRANIAN FISHERIES RESEARCH ORGANIZATION- Inland Saline ,Waters Aquaculture 
Research Center        
Title:  
QUANTITATIVE EVALUATION OF RAINBOW 
TROUT, ONCHORHYNCHUS MYKISS CULTURED IN 
BRACKISHWATER AND FRESHWATER OF YAZD 
PROVINCE, AT THE BASED ON MUSCLE
Executor :  
Nassrin Mashaii   
                                                                                                                                                                                                                                                                                                                                                        
Registration Number 
2009.1250      
                        
Ministry of Jihad  e  Agriculture  
AGRICULTURAL RESEARCH, EDUCATION & EXTENTION ORGANIZATION 
IRANIAN  FISHERIES  RESEARCH  ORGANIZATION Inland Saline ,Waters Aquaculture 
Research Center 
Title :QUANTITATIVE EVALUATION OF RAINBOW TROUT, ONCHORHYNCHUS 
MYKISS CULTURED IN BRACKISHWATER AND FRESHWATER OF YAZD 
PROVINCE, AT THE BASED ON MUSCLE ANALYSIS 
Apprpved Number: 2-12-12-86077   
Author:  NASSRIN MASHAII 
Executor : NASSRIN MASHAII 
Collaborator : H. SARESANGI ALI-ABAD, F. RAJABIPOUR, A. BITARAF, A. 
GHOROGHI, M. MOHAMMADI TABASI, M. NAZEMI, ,M.Asgari Hasani 
Advisor(s) : M.H.MOSADDEGH, H. MOZAFFARI  KHOSRAVI 
Location of execution : Yazd province 
Date of Beginning : 2008 
Period of execution : 1 Year & 8 Months 
Publisher : Iranian Fisheries Research Organization 
Circulation : 15 
Date of publishing : 2009 
All Right Reserved . No Part of this Publication May be Reproduced or Transmitted 
without indicating the Original Reference
 
                                          
  
Oncorhynchus mykiss
GCE
HPLC
EPA
DHAEµg/100g
ppmppmppmppm
ppbppbppbppb
3
 Salmonidae
Oncorhynchus mykiss Walbaum, 1792
Stickney, 2000; Stickney & Washington, 1991
Stickney, 
2000
Waterman, 2002
Stickney & Washington,1991Stickney, 2000;O. mykiss
FAO, 2002
ppt(Jana, Garg and Patra, 
2006)
(Aleksandrova & Manolov, 1977; Phillips, 1985)
Mehrabi, 2000
 Gabriel, 1990
(Kinnucan, Nelson and Hiariay, 1993)
(Engle & Quagrainie, 2006)
 Nassiri-Moghaddam et al., 2007; Pourang, 1995; Pourang, Dennis & 
Ghourchian, 2005
O. mykiss
(Gutierrez & Da Silva, 1993)

 CC(Pentene)
(Hexene)
CC
CC
A, D, E, K
Premixes
acid detergent
Nitrogen free extract, NFE
 
Honeyfield , 1994
 (Ronsholdt, 2000)
(Kinsella, Shimp and Mai, 1978)
nn
(Dayhuff & Wells, 2005)
(Iverson, Frost and Lang, 2002)
 
 CE
Hem
(Kinsella, Shimp and Mai,1978)
ATP
Kcal/gKcal/gKcal/g
A, D, E, K
9763
3
C20:5 36 3C22C18:3 3
66
6
3C22: 6
MS(Kinsella, Shimp and Mai,1978)
369
EPADHA
Turan, S?nmez and Kaya, 2007
36
6
3
 Poly Unsaturated Fatty Acid, PUFA)
18:2n620:4n6PUFA
3
PUFA-n6
6n
36
PUFA-n3
PUFA
PUFA-n318:2n618:3n3
High Unsaturated Fatty Acid, HUFA20:4n6n
22:6n320:5n3n
HUFA
HUFA18:3n318:2n6
PUFAn18:3- n3 ,20:5 n3 .22:6n3
eelPUFA 3 66
22:6n320:5n3
18:3n3HUFA
22:5n3 22:6n3
3
18:2n6320:4n6
(Food Conversion Efficiency, FCE)
Salmo gairdneri
 
(Tacon, 1987)
318:3n3
22:6n3, DHA
20:5n3, EPA6
18:2n6DPA
22:5n6(Venom, 2004)
Ca++Mg++Na+K+H3PO4-Cl-So4--
FeZnMnCuCoNiI
FVCrMoSeSnSi(Tacon, 1987)
 Williams, 1967 & 1968
PbHgCd
(Khaled, 2004)
pH
pH
pH
pH
 Oncorhynchus mykiss
WTW
Clesceri, Greenberg and Trussel, 1989
ECg
 rpm
Dabrowski, 1982; 
Villar et al., 2001; Khaled, 2004; Schmitt et al., 2006; Agah et al., 2007 Nassiri-Moghaddam et al., 2007;
(AOAC, 1990)
E
GC Dani
ATmmmmFDI
cc
gccmlmg
cc
cc
Millipore
µm(Turan, S?nmez and Kaya, 2007; (Dayhuff & Wells, 2005; 
Gutierrez & Da Silva, 1993
EHPLCKnaverUV
nmgcccc
C
cc
 
litmgnn
nCcc
HPLCcc
(Kwok, 1978)IU
NaKCaFeCuZn
CdMnNiPbCr
AlAgBaTi
 Moopam, 1999; AOAC, 1990g
Ccc
C
cc
Nova 400
ppmppb
DTPA
Perkin-Elmer, 3110Lindsay & Norvel, 1978
ppm
SPSSEXCEL
Levenst-student
Onchorhynchus mykiss
bf
A
O. mykiss
 p<
p<
p>
Levensp>t-student
p>
 E
O. mykissLauricMyristic
PalmiticStearicOleicLinoleicLinolenic
(EPA)(DHA)
6
3EPADHA
 p<
p<
t-student
EPA
Eµg/100g
 NaKCaFe
O. mykiss
FeCuZnCdMnNiPbCr
AlAgBaTi
ppm
ppm
ppmppm
ppmppmppbppb
ppbppb
 Oncorhynchus mykiss
O. mykiss
f
pptpptbpptppt
Rasmussen, 2001
Rasmussen, 2001Chandrashekar & 
Deosthaley, 1993
Sahu et al., 2000
O. mykiss
Celik et al., 2008
Kinsella, Shimp and Mai, 1978
(Stansby, 1973)
(Rye & Baeverfjord, 1990)
Sahu et al., 2000
DHAKinsella et al., 1978
Sahu et al., 2000
 Sahu et al., 2000
Rasmussen, 2001
perchGonzalez et al., 2006
[CH3(CH2)10COOH][CH3(CH2)12COOH][CH3(CH2)14COOH]
[CH3(CH2)16COOH]
9[CH3(CH2)7CH=CH(CH2)7COOH]
 
[CH3(CH2)4CH=CHCH2CH=CH(CH2)7COOH]6
3[CH3CH2CH=CHCH2CH=CHCH2CH=CH(CH2)7COOH]
3(20:5n3)EPADHA (22:6n3)
Nelson & Cox, 2005
O. mykiss
Celik et al., 2008
O. mykiss
www.nutritiondata.com
g
gggg
 ggggg
(Amerio, Ruggi and Badini, 1996)
3
6
O. mykissppt
Haliloglu et al., 2004
n16
n18
n3n6
3DHA618:2 n-6
Salmo trutta
DHA
Aras et al., 2003
bassperch
EPADHA
Kinsella, Shimp and Mai, 1978
3EPADHA
6C20:4n6
Romero et al., 2000
 
perch
20:4n6
3DHA
(Gonzalez et al., 2006)
Iverson, Frost and Lang, 2002
 EPA DHADHAEPA
Gutierrez & Da Silva, 1993
Rasmussen, 2001
Kinsella, Shimp and Mai, 1978
Demir et al.,  1997
n3O. mykiss
C18C20C22
C20C22
18:3n318:2n3
n3Aras et al., 2003
3Aras et al., 2003
(Ackman, 1967)
(Worthington & Lovell, 1973)
Castell et al., 1972
Dayhuff & Wells, 2005
Kirsch et al., 1998
 Iverson, 
Frost and Lang, 2002
EPADHA
Morris et al., 2005
EPADHA
3EPADHA
DHAEPA
O. mykiss
Salmo salar
Krogdahl, Sundby and Olli, 2004O. mykissSalmo salar
Nordrum et al., 2000
Chandrashekar & Deosthaley, 1993
Chanos chanos
Jana, Garg and Patra, 2006
 
n
nnEPADHA
 nnEPADHA
O. mykiss
ppt
n3/n6
Haliloglu et al., 2004
HMSO,1994
EPA
DHA
C22:n6C20:n5
Kinsella, Shimp and Mai, 1978
n3/n6
O. mykiss
bf
23.7826.8524.9225.3723.4527.16
69.0865.6669.8874.5870.7461.03
1.321.301.211.561.481.08
2.902.452.802.943.022.25
n3/n60.250.160.130.110.180.19
EPADHA
n3
Skuladottir et al., 1990
Mugil cephalus°cppt
22:6(n-3)22:4(n-6)
Keriji et al., 2003M. cephalus
Barman al., 2005
ppt
 Houlihan et al., 2001; 
Black & Pickering, 1998
Aras et al., 2003
Quillet et al., 2007
Romero et al., 2000
3
Miller, et al., 2006
DHAEPA
Venom, 
2004EPADyerberg et al., 1978
n3
Nelson et al., 1991
n3
Gutierrez & Da Silva, 1993
n3/n6
Pigot & Tucke, 1990
Turan, S?nmez and Kaya, 2007IT
 
IA
Valfre, Caprino and Turchini, 2003
Amerio, Ruggi and Badini, 1996.
EPA63
6
3
Venom, 2004
n3/n6n3
n6
n6
n3
Miller et al., 2006
n6n3
 n6n3/n6
n3/n6
Venom, 2004
n3/n6
C22:n6C20:n5
Kinsella, Shimp and Mai, 1978
DHA
Haliloglu et al., 2004
E
Egg/Murray & Burt, 2001
E
EO. mykissc
c
gg/gg/
E
Arslan et al., 1997E
Murray & Burt, 2001
 
.
O. mykiss
www.nutritiondata.com
ppm
 O. mykiss
www.nutritiondata.com
ppm
O. mykisswww.nutritiondata.com
ppm
mg/g
mg/gNinawe 
& Khedkar, 2009; Nakagawa, Sato and Gatlin, 2007; Morris et al., 2005
Ca2+Ca2+
Ca2+
Villar et al , 2001
O. mykiss
Celik et al., 2008
O. mykiss
www.nutritiondata.com
Chironomidae
Khaled, 2004
mg/kg
mg/kgNinawe & Khedkar, 2009; Nakagawa, Sato and Gatlin, 2007;
Nonheme iron
 O. mykiss
Celik etal., 2008
mg day/mg g/100mg g/100mg g/100
150-24035.182-10525.5
4700450.61227-1372412
1000-12006710.5-17.112.7
8 180.251.9-40.42
Mackellar, 2001
ppb
ppb
ppb
ppb
Boe, 1991NHMRC, 1987
Parr, 1988
www.nutritiondata.com
Acipenser persicusAcipenser 
stellatus
Mugil 
auratusppm
Kalay et al., 1999
Khaled, 2004
 Villar et al., 2001CuZn
Miller, Munkittrick and Dixxon, 1992
roachperchKuznetsova, 2002
Pourang, 1995Khaled, 2004
mg/kg
mg/kgNinawe & Khedkar, 2009; Nakagawa, 
Sato and Gatlin, 2007;
RNADNA
Mackellar, 2001
ppb
ppb
NHMRC, 1987
Parr, 1988
O. mykiss
www.nutritiondata.commg/kgWHO
mg/kg
mg/gNinawe & 
Khedkar, 2009; Nakagawa, Sato and Gatlin, 2007
 
A. persicusA. stellatus
M. auratusppm
Liza aurata
ppm
Khaled, 2004Kuznetsova, 2002
 Zn2+HNO3-
Gomez, Villar and Bonetto, 1998
g
Mackellar, 2001
ppb
PbCdHgHgCdPb
ppb
Boe, 1991
NHMRC, 1987
 
A. persicusA. stellatus
M. auratusppm
ppm
ppm
Khaled, 2004; 
Villar et al., 2001
Khaled, 2004
 John et al., 1987
Villar et al., 2001
ppb
ppb
EEC, 1979
Khaled, 2004
ppb
)
Villar et al., 2001
2000Van-Duijn,
 ppmppm
ppmHarison, 1992
ppmppmppm
pH
pH
2001Roberts,
bioaccomulation
Villar et al , 2001
Cheung & Wong, 2006
Khaled, 2004
Cheung & Wong, 2006
 
 Villar et al., 2001
a
Powell & Powell., 2001
Aras et al., 2003; Kirsch et al., 1998
Rasmussen, 2001
Gonzalez et al., 2006
33EPADHA
3
6
36
(Tacon, 1987
3
Nassiri-
Moghaddam et al., 2007
 3EPADHA
O. mykiss
DHA
EPA
n3/n6
EPADHA
 3

 
 Mugil auratus
Cd, Zn, Pb, Cu
 Chironomidae
Cd, Pb
 Acipenser persicus
Acipenser stellatus
 Liza aurata
Littopenaeus vannamei
 Liza dussumieri
DA
 Ackman, R. G. (1967). The influence of lipids on fish quality. Journal of Food Technology, 2(1), 69-81. 
Agah, H., Leermakers, M., Elskens, M., Fatemi, S. M. R. & Baeyens, W. (2007). total mercury and 
methyl mercury concentrations in fish from the Persian Gulf and the Caspian Sea. Water, Air and Soil 
Pollution, 181,95 105. 
Aleksandrova, K. & Manolov, Zh. (1977). First attemps to pen-rearing rainbows in seawater. 
Proceedings of the Institute of Fisheries, Varna, XV, 25-34. 
Amerio, M., Ruggi, C. & Badini, C. (1996). Meat quality of reared fish : Nutritional aspects. Italian 
journal of food science, 8(3), 221-229. 
AOAC. (1990). Official Methods of Analysis of the Association of Official Analytical Chemists W. 
Horwitz, Ed., 15th ed., Arlington, USA. 
Aras, N. M, Halülo?lu, H. U., Ayik, Z. & Yetüm, H. (2003). Comparison of fatty acid profiles of 
different tissues of mature trout (Salmo trutta labrax, pallas, 1811) caught from Kazandere creek in the 
Coruh region, Erzurum, Turkey. Turkish Journal of Veterinary and Animal Sciences, 27, 311-316. 
Arslan, A., G?nülalan, Z., Sarig?l, C., Naziro lu, M. & Aksakal, M. (1997). Effects of various storage 
temperature and storage time on vitamin e levels of fish muscle. Turkish Journal of Veterinary and 
Animal Sciences,  21(3), 211-214.  
Baeverfjord, G. & Rye, M. (1994). Hvor lagrer laksen fettet? (Where do the salmon store the fat?). 
Norsk Fiskeoppdrett, 11(A-94), 35-36. 
Barman, U. K., Jana, S. N., Garg, S. K., Bhatnagar, A. & Arasu, A. R. T. (2005). Effect of inland water 
salinity on growth, feed conversion efficiency and intestinal enzyme activity in growing grey mullet, 
Mugil cephalus (Linn.): Field and laboratory studies. Aquaculture International, 13(3), 241-256. 
Beklevük, g., Polat, A. & Zo?ul, F. (2005). Nutritional value of sea bass (Dicentrarchus labrax) fillets 
during frozen (-18 C) storage. Turkish Journal of Veterinary and Animal Sciences, 29, 891-895. 
Black, K. D. & Pickering, A. D. (1998). Biology of farmed fish. CRC Press, 415P. 
BOE. (1991). Microbiological standards, limit of heavy metal concentration, and analytical methods for 
determination of heavy metals in fish and agricultural produce. Madrid, Spain, Ed. BOE, 5937-5941. 
Castell, J. D., Sinnhuber, R. O., Wales, J. H. & Lee, D. J. (1972). Essential fatty acids in the diet of 
rainbow trout (Salmo gairdneri): Growth, feed conversion and some gross deficiency symptoms. 
Journal of Nutrition, 102, 77 86. 
Celik,  M., G?kçe, M. A., Ba usta, N., Küçükgülmez, A., Ta bozan, O. & Tabako lu, S. S. (2008). 
Nutritional quality of rainbow trout (Oncorhynchus mykiss) caught from the Atatürk dam lake. Turkey 
Journal of Muscle Foods. 19(1), 50-61. 
Chandrashekar, K. & Deosthale, Y. G. (1993). Proximate composition, amino acid, mineral, and trace 
element content of the edible muscle of 20 Indian fish species . Journal of food composition and 
analysis, 6(2), 195-200. 
Cheung, K. C. & Wong, M. H. (2006). Risk assessment of heavy metal contamination in shrimp 
farming in Mai Po Nature Reserve. Hong Kong Environmental Geochemistry and Health, 28, 27 36. 
Ciardullo, S., Aureli, F., Coni, E., Guandalini, E., Iosi, F., Raggi, A., Rufo, G. & Cubadda, F. (2008). 
Bioaccumulation potential of dietary arsenic, cadmium, lead, mercury, and selenium in organs and 
tissues of rainbow trout (Oncorhyncus mykiss) as a function of fish growth. Journal of Agriculture and 
Food Chemistry, 56(7), 2442-51. 
Clesceri, S., Greenberg, A. E. & Trussell, R. R. (1989). Standard methods for the examination of water 
and wastewater. Ameri. Pub. Healt. Associ., 10 chaps. 
Dabrowski, K. R. (1982). Seasonal changes in the chemical composition of fish body and nutritional 
value of the muscle of the pollan (Coregonus pollan, Thompson) from Lough Neagh, Northern Ireland. 
Hydrobiologia, 87, 121-141. 
Dayhuff, L. E. & Wells, M. J. M. (2005). Identification of fatty acids in fishes collected from the Ohio 
River using gas chromatography mass spectrometry in chemical ionization and electron impact modes. 
Journal of Chromatography, 1098, 144 149. 
De Rosemond, S., Xie, Q. & Liber, K. (2008). Arsenic concentration and speciation in five freshwater 
fish species from Back Bay near Yellowknife, NT, CANADA. Environmental Monitoring Assessment, 
147(1-3), 199-210. 
Demir, O. (1997). Lipid kaynaklar? ve lipid d.zeyleri farkl? rasyonlar?n g.kku?aU? alabal?U? 
(Oncorhynchus mykiss)? n?n b.y.me geli?me ve yaU asidi bile?imine etkileri. (The effects of feed 
composition on the growth characteristics and fatty acid composition of Rainbow trout (Oncorhynchus 
mykiss). PhD Dissertation (Turkish). S.D. Univ., Dept. Fishery Sciences, Isparta, Turkey. 
Dennis, T. G. & Roberts, G. L. (1977). Mineral and Proximate Composition of Pacific Coast Fish. 
Journal of Agriculture and Food Chemistry, 25(6).  
 Dyerberg, J., Bang, H. O., Stoffersen, E., Moncada, S. & Vane, J.R. (1978). Eicosapentaenoic acid and 
prevention of thrombosis and atherosclerosis. Lancet pub., London, v.l, pp.117-119. 
EEC, European Economic Community. (1979). Council Directive 79/923/EEC of 30 Oct. On the quality 
required of shellfish waters. Luxembourg: Official Publications of the European Communities. 
Engle, C. R. & Quagrainie, K. (2006). Aquatic marketing handbook. Blackwell Pub., 271P. 
FAO. (2002). Fishery statistics commodities, 2002. V:87. 
Folch, J., Lees, M. & Sloane-Stanoley, G.H. (1957). A simple method for the isolation and purification 
of total lipids from animal tissues. Journal of Biological Chemistry, Bethesda, 226, 497-509. 
Fresquez, P. R., Armstrong, D. R. & Naranjo, L. (1988). Radionuclides and heavy metals in rainbow 
trout from Tsichomo, Nana ka, Ven Povi and PinDe Lakes in Santa Clara Canyon. Los Alamos 
National Lab. New Mexico. 40P. 
Gabriel, R. (1990). A market study of the portion-sized trout in Urope. Final report, Federation of 
uropian salmon and trout growers, Belgium. 
G?mez, S., Villar, C.  & Bonetto, C. (1998). Zn toxicity in the fish Cnesterodon decemmaculatus in the 
Paran? River and R?o de la Plata Estuary. Environmental Pollution, 99, 159 165. 
Gonz?lez, S., Flick, G. J., O Keefe, S. F., Duncan, S. E., McLean, E. & Craig, S. R. (2006). 
Composition of farmed and wild yellow perch (Perca flavescens). Journal of Food Composition and 
Analysis, 19(6-7), 720-726. 
Guner, S. : Dincer, B. : Alemdag, N. : Colak, A. : Tufekci, M. 1998. Proximate composition and 
selected mineral content of commercially important fish species from the Black Sea. J -sci-food-agric. 
Sussex : v. 78 (3) p. 337-342. 
Gutierrez, L. E., Da Silva, R. C. M. (1993). Fatty acid composition of commercially important fish from 
Brazil. Science of Agriculture, (Piracicaba,Braz.) 50(3). 
Haliloglu, H. I., Bay r, A., Sirkecioglu, A. N., Aras, N. M. & Atamanalp, M. (2004). Comparison of 
fatty acid composition in some tissues of rainbow trout (Oncorhynchus mykiss) living in seawater and 
freshwater. Food chemistry, 86(1), 55-59. 
Harison, R. M. (1992). Understanding our environment: and introduction to environmental chemistry 
and pollution. The Royal Society of Chemistry, London, UK. 
Hartman, L. & Lago, R. C. A. (1973). Rapid preparation of fatty acid methyl esters from lipids. 
Laboratory Practice, London, 22, 475-476. 
Homira, A., Leermakers, M., Elskens, M., Fatemi, S. M. R. & Baeyens, W. (2007). Total mercury and 
methyl mercury concentrations in fish from the Persian Gulf and the Caspian Sea. Water, Air and Soil 
Pollution. 181, 95 105. 
Houlihan, D., Boujard, T. & Jobling, M. (2001). Food intake in fish. Blackwell Science Pub., 418P. 
HMSO U. K. (1994). Nutritional Aspects of Cardiovascular Disease (report on health and social 
subjects no.46). HMSO, London. 
Iverson, S. J., Frost, K. J. & Lang, S. L. C. (2002). Fat content and fatty acid composition of forage fish 
and invertebrates in Prince William Sound, Alaska: factors contributing to among and within species 
variability. Marine Ecology Progress Series, 241,161 181. 
Jana, S. N., Garg, S. K. & Patra, B. C. (2006). Effect of inland water salinity on growth performance 
and nutritional physiology in growing milkfish, Chanos chanos (Forsskal): Field and laboratory studies. 
Journal of Applied Ichthyology, 22(1), p.25. 
John, J., Gjessing, E., Grande, M. & Salbu, B. (1987). Influence of aquatic humus and pH on the uptake 
and depuration of cadmium by the Atlantic salmon (Salmo salar, L.). Science Total Environment, 62, 
253 265. 
Kalay, M., Ay, O. & Canli, M. (1999). Heavy metal concentrations in fish tissues from the Northeast 
Mediterranean Sea. Bulletin of Environmental Contamination and Toxicology, 63, 673-681. 
Khaled, A. (2004). Seasonal concentrations of some heavy metals in muscle tissues of Siganus rivulatus 
and Sargus sargus from El-Mex Bay and Eastern Harbour, Alexandria, Egypt. Egyptian Journal of 
Aquatic Biology and Fisheries, 8(1), 65-81. 
Khaled, A. (2004). Heavy metals concentrations in certain tissues of five commercially important fishes 
from el-mex bay, alexandria, Egypt .Egyptian Journal of Aquatic Biology And Fisheries, 8(1), 51-64. 
Khériji, S., Cafsi, M. El., Masmoudi, W., Castell, J. D. & Romdhane, M. S. (2003). Salinity and 
temperature effects on the lipid composition of mullet sea fry (Mugil cephalus, Linne, 1758) 
Aquaculture International, 11(6), 571-582, 
Kinnucan, H. W., Nelson, R. G. & Hiariay, J. (1993). U. S. preference for fish and seafood: an evoked 
set analysis. Marine resource economics, 8, 273-291. 
Kinsella, J. E., Shimp, J. L. & Mai, J. (1978). The proximate and lipid composition of several species of 
freshwater fishes. New york's food and life sciences bulletin, 69, 1-20. 
 Kirsch, P. E., Iverson, S. J. & Bowen, W.D. (2000). Effect of a low-fat diet on body composition and 
blubber fatty acids of captive juvenile harp seals (Phoca groenlandica). Physiological and
Biochemichal Zoology, 73, 45 59
Krogdahl, A., Sundby, A. & Olli, J. J. (2004). Atlantic salmon (Salmo salar) and rainbow trout 
(Oncorhynchus mykiss) digest and metabolize nutrients differently effects of water salinity and dietary 
starch level  ?. Aquaculture, 229, 335-360. 
Kuznetsova, A. I., Zarubina O. V. & Leonova, G. A. (2002). Comparison of zn, cu, pb, ni, cr, sn, mo 
concentrations in tissues of fish (roach and perch) from lake Baikal and Bratsk reservoir, Russia.  
Environmental Geochemistry and Health, 24, 205 213. 
Kwok, R. P., Hudson, T. & Subramanian, S. (1978). Application of high performance liquid 
chromatography methods for determination of fat-soluble vitamins-A, D, E and K in foods and 
pharmaceuticals. Association of Vitamin Chemists, Chicago, IL. 
Lindsay, W. L. & Norvell, W. A. (1978). Development of DTPA soil test for zinc, iron,manganese and 
copper. Soil Science Society of America Journal, 42, 421 428. 
Mackellar, M. (2001). A total diet survey of pesticide residues and contaminants. The 19th Australian 
Total Diet Survey Australia New Zealand Food Authority. 55P. 
Mehrabi, Y. (2001). Cold water aquaculture in Iran. Motahari Hatchery, Yasuj, Iran, 10P. 
Miller, S. E., Huggins, C. E., Theiss, M. L., McLennan, P. L., Pepe, S. & Delbridge, L. M. D. (2006). 
Diet high in N6 PUFA lowers cardiac membrane N3:N6 fatty acid ratio and increases atrial mass and 
cardiomyocyte size. Proceedings of the Australian Physiological Society. 
Miller, P., Munkittrick, K. & Dixxon, D. (1992). Relationship between concentrations of copper and 
zinc in water, sediment, benthic invertebrates, and tissues of white sucker (Catostomus commersoni) at 
metal-contaminated sites. Canadian Journal of Fisheries and Aquatic Sciences, 49, 978 984. 
MOOPAM. (1999). Manual of oceanographic observations and pollutant analysis methods. ROPME, Kuwait. 
Morris, P. C., Gallimore, P., Handley, J., Hide, G., Haughton, P. & Black, A. (2005). Full-fat soya for 
rainbow trout (Oncorhynchus mykiss) in freshwater: Effects on performance, composition and flesh 
fatty acid profile in absence of hind-gut enteritis. Aquaculture, 248, 147-161. 
Moore, J. W. & Ramamoorthy, S. (1981). Heavy metals in natural waters. Springer-Verlag, New York. 
Murray, J. & Burt, J. R. (2001). The Composition of Fish. FAO Corporation document advisory. Torry 
advisory note, N. 38. 
Nakagawa, H., Sato, M. & Gatlin, D. M. (2007). Dietary supplements for the health and quality of 
cultured fish. CABI. Pub., 244P. 
Nassiri-Moghaddam, H., Danesh-Mesgaran, M., Jahanian-Najafabadi, H. & Jahanian-Najafabadi, R., 
(2007). Determination of chemical composition, mineral contents, and protein quality of Iranian kilka 
fish meal. International Journal of Poultry Science, 6(5), 354-361. 
Nelson, D. L. & Cox, M. M. (2005). Lehninger principles of biochemistry, 4th ed. Freeman Pub., 1119P. 
Nelson, G. J., Schmidt, P. C. & Corash, L. (1991). The effect of a salmon diet on blood clotting platelet 
aggregation and fatty acids in normal adult men, Lipids. Champaign, 26(2), 87-96. 
Ninawe, A. S. & Khedkar, G. D. (2009). Nutrition in aquaculture. Narendra Pub. House, Delhi, India, 432P. 
Nordrum, S., Bakke-McKellep, A. M., Krogdahl, A. & Buddington, R. K. (2000). Effects of soybean 
meal and salinity on intestinal transport of nutrients in Atlantic salmon (Salmo salar, L.) and rainbow 
trout (Oncorhynchus mykiss). Compatative Biochemistry and Physiology, 125(3), 317-35. 
NHMRC, National Health and Medical Research Council. (1987). National food standard A12: Metals 
and contaminants in food. Canberra, Australia Australian Government Publishing Services. 
Palace, V. P., Spallholz, J. E., Holm, J. Wautier, K., Evans R. E. & Barony, C. L. (2004). Metabolism 
of selenomethionine by rainbow trout (Oncorhynchus mykiss) embryos can generate oxidative stress. 
Ecotoxicology and environmental safety, 58(1), 17-21. 
Parr, R. M. (1988). Survey of available reference materials for use in connection with determination of 
trace elements in biological materials, Vienna, IAEA, 22P. 
Phillips, M. J. (1985). Behaviour of rainbow trout (Salmo gairdneri) in marine cages. Aquaculture fish 
management, 16(3), 223-232. 
Pigott, G. M. & Tucker, B. W. (1990). Effects of Technology on Nutrition. Marcel Decker Pub, New York. 
Powell, J. H. & Powell R. E. (2001). Trace elements in fish overlying subaqueous tailings in the tropical 
west pacific. Water, air, and soil pollution, 125(1-4), 81 104. 
Pourang, N. (1995). Heavy metal bioaccumulation in different tissues of two fish species with regards 
to their feeding habits and trophic levels. Environmental Monitoring Assessments, 35, 207-219. 
 Pourang, N., Dennis J. H. & Ghourchian, H. (2005). Distribution of heavy metals in penaeus 
semisulactus from Persian Gulf and possible role of methllothionein in their redistribution during 
storage. Environmental Monitoring Assessments, 100, 71-88. 
Quillet, E., Le Guillou, S., Aubin, J., Labbe, L., Fauconneau, B. & Medale, F. (2007). Response of a 
lean muscle and a fat muscle rainbow trout (Oncorhynchus mykiss) line on growth, nutrient utilization, 
body composition and carcass traits when fed two different diets. Aquaculture, 269(1-4), 220-231. 
Rasmussen, R. S. (2001). Quality of farmed salmonids with emphasis on proximate composition, yield 
and sensory characteristics. Aquaculture Research, 32(10), 767. 
Roberts, R. J. (2001). Fish pathology, 3rd Ed. W. B. Swanders, Harcornt Pub. Co. Ltd. London, 472P. 
Romero, N., Robert, P., Masson, L. & Pineda, R. (2000). Fatty acids composition and proximate of 7 
fish species of Isla de Pascua. Archivos Latinoamericanos de Nutrici?n, 50(3), 304-8. [in Spanish]. 
Ronsholdt, B., Nielsen, H., Rgemand, J. F. & McLean, E. (2000). Evaluation of image analysis as a 
method for examining carcass composition of rainbow trout. Ribarstvo, 58, 3-11. 
Sahu, B. B., Meher, P. K., Mohanty, S., Reddy, P. V. G. K. & Ayyappan, S. (2000). Evaluation of the 
Carcass and Commercial Characteristics of Carps. Naga, Aquaculture Section of the Network of 
Tropical Aquaculture and Fisheries Professionals (NTAFP, AQUABYTE The ICLARM Quarterly), 
23(2), 10-14. 
Schmitt, C. J., Brumbaugh, W. G., Linder, G. L. & Hinck, J. E. (2006). A screening-level assessment of 
lead, cadmium, and zinc in fish and crayfish from Northeastern Oklahoma, USA. Environmental 
Geochemistry and Health, 28,445 471. 
Skuladottir, G. V., Schithe, H. B., Gudmundsdottir, E., Richards, B., Gardarsson, F. & Jonsson, L. 
(1990). Fatty acid composition of muscle, heart and liver lipids in Atlantic salmon, Salmo salar, at 
extremely low environmental temperature. Aquaculture, 84, 71-80. 
Stansby, M. E. (1973). Polyunsaturates and fats in fish flesh. American Dietetic Association Journal, 
63, 625-30. 
Stickney, R. R. & Washington, S. (1991). Culture of Salmonidae. Library of Congress Cataloging. 189P. 
Stickney, R. R. (2000). Encyclopedia of aquaculture. Wiley & Sons Pub. 1063P. 
Tacon, A. G. J. (1987). The nutrition and feeding of farmed fish and shrimp, a training manual. FAO 
corporate document repository, Fisheries and Aquaculture Department, Project reports. 126P. 
Turan, H., S?nmez, G. & Kaya, Y. (2007). Fatty acid profile and proximate composition of the 
thornback ray (Raja clavata, L. 1758) from the Sinop coast in the Black Sea. Journal of Fisheries 
Sciences, 1(2), 97-103. 
UNEP/FAO/IAEA/IOC. (1984). Sampling of selected marine organisms and sample preparation for 
trace metal analysis: Reference methods for marine pollution studies. Review 2, 19. 
Valfré, F., Caprino, F., Turchini, G. M. (2003). The Health Benefit of Seafood. Veterinary Research 
Comminications, 27(1), 507-512. 
Van-Duijn, J. R. C. (2000). Diseases of fishes. Narendra Pub. House., Delhi, India. 174P. 
Venom, G. (2004) . Essential Fatty Acids. Final report of Bioenergetic Research. 
Villar, C., Stripeikis, J., Colautti, D., D Huicque, L., Tudino, M. & Bonetto, C. (2001). Metals contents 
in two fishes of different feeding behaviour in the Lower Paran´a River and R´ o de la Plata Estuary. 
Hydrobiologia, 457, 225 233. 
Waterman, J. J. (2002). Rainbow trout. Torry Research Station Laboratory, Aberdeen, UK, 7. 
WHO-IPCS. (1987). Environmental Health Criteria Report, with ILO and UNEP, International 
Program of Chemical Safety. Geneva, Switzerland. 
Williams, R. J. P. (1967). Heavy metals in biological systems. Endeavour, 24, 96-100.  
Williams, R. J. P. (1968). The Role of transition metal ions in biological processes. RIC Reviews, 1, 13-
38. 
Worthington R. E. & Lovell R. E. (1973). Fatty acids of channel catfish Ictalurus punctatus: Variance 
components related to diet, replication within diet and variability among fish. Journal of Fisheries 
Reserch Board of Canada, 30, 1604-8.          
 Abstract 
Fish culture has developoed in Yazd province of Iran since recent decade and the rainbow trout, Oncorhynchus 
mykiss is the most important fisheries product in the area. There is a few information about carcass composition 
of cultured fish in Iran. Rainbow trout samples were collected from 6 fish brackish and fresh water fish farms of 
Yazd province during February 2007. Fish muscle samples were freezed in -30 C after being homogenized, till 
laboratory analyses. Proximate composition of samples contained 17.05-18.53% crude protein, 2.35-5.13% total 
fat, 1.31-1.7% ash and 74.18-77.05% wet. Saturated fatty acids including palmitic acid (14.06-19.60%), stearic 
acid (6.44-6.1%), myristic acid (1.29-5.66%) and lauric acid (0.13-2.76), also unsaturated fatty acids oleic 
(30.24-40.14%) and linoleic (21.18-38.85%) were extracted from muscle tissue of fish of different farms, using 
GC. Other unsaturated fatty acids including -linolenic acid, EPA and DHA had low concentrations (1-3%) in 
samples. Vitamin E level was 4.33-94.34 g/100gr. Concentration of minerals in homogenated muscle tissues 
were as: Na 822.58-1052.78ppm, K 12272.75-13715.25ppm, Ca 104.75-171.03ppm, Fe 19-40ppm, Cu 0.044-
1.01ppb, Zn 7.02-12.47ppb, Cd 0.879-1.099ppb and Cr 1.895-3.86ppb. Heavy metal concentrations were lower 
than permitted values.                  
